Background-Strategies for patient selection for intra-arterial therapy (IAT) in acute ischemic stroke (AIS) are highly variable. The degree of protocol adoption and treatment rates associated with implementation of a service-wide patient selection IAT protocol were assessed.
INTRODUCTION
Intra-arterial brinolysis and/or endovascular mechanical recanalization are frequently offered as an open-label or off-label treatment option to patients with acute ischemic stroke (AIS) who present with persistent symptoms outside the 3 h window for intravenous (IV) thrombolysis. 1 Despite its increasing utilization, 2 there are no uniform criteria for patient selection for intra-arterial therapy (IAT) 34 and the evidence supporting current approaches is limited. [5] [6] [7] Patients who present with intracranial proximal artery occlusion (PAO), small infarct volume and large territory of cerebral tissue deemed 'at-risk' have been proposed to be 'most likely to benefit' from intra-arterial intervention. [8] [9] [10] We sought to determine the characteristics, degree of protocol adoption and rates of IAT after implementation of a service-wide consensus-driven patient selection protocol for IAT.
METHODS

Protocol for patient selection for IAT in patients with AIS
In July 2007 a year-long process was initiated in our institution to develop a service-wide patient selection protocol for open-label or off-label IAT based on expert guidelines, past site experience and local opinion leader consensus. Two separate protocols were developed based on the available evidence for anterior versus posterior circulation PAO. This process was intended to reduce variation in patient selection and provide a more homogeneous group of patients selected for IAT across various combinations of stroke neurology and endovascular providers. All members of the acute stroke team were invited to participate, including the staff and fellows of our Acute Stroke Service, emergency department, neuroradiology division and the multispecialty endovascular division. The evidence reviewed included published clinical trial and registry data (PROACT-II, MERCI and Multi-MERCI inclusion criteria) as well as the prospectively collected data from the our service-wide IAT experience. A review of our local institutional data suggested that (1) earlier time to IATwas associated with better outcomes (p<0.05); (2) patients with AIS with low NIH Stroke Scale (NIHSS) scores (0-3) had very good outcomes (64% discharged directly to home) without IAT; and (3) outcomes were similar for patients with terminal internal carotid artery versus proximal middle cerebral artery (MCA) occlusions, while distal MCA M2 or anterior cerebral artery clots were felt to be more difficult to reach and to manipulate. These variables and those identified from the published clinical trial and registry data as independently associated with good clinical outcome were included as selection criteria for the IAT protocol.
All patients with AIS were categorized as those who were 'likely to benefit' (LTB), 'uncertain to benefit' (UCTB) or 'unlikely to benefit' (ULTB) from IAT. Patients were defined as LTB if they had brain imaging completed within 6 h from last known well (LKW) time, initial NIHSS score ≥8 (or evidence of moderate to severe aphasia), baseline infarct volume ≤100 ml and evidence of PAO (internal carotid artery or MCA M1 or proximal M2 segments) on angiography (table 1).
Patient selection for IAT was based on the following algorithm: patients in whom all favorable criteria were present were defined as LTB, those in whom any unfavorable criteria were present were defined as ULTB and those remaining were assigned to UCTB (figure 1). Patients who were UCTB were to be offered clinical trial enrollment preferentially but could be offered IAT on a compassionate basis. All LTB patients were considered for IAT, including using mechanical thrombectomy for up to 8 h from the LKW time. 6 The protocol was reviewed by the community of acute stroke care providers and underwent several iterations until a version acceptable to all groups was crafted. The final version was accepted for adoption and implementation began in March 2008. While the protocol remained stable, all constituents agreed that it could be modified as future data might dictate.
This current analysis includes a review of all AIS cases that presented within the equal chronological time intervals before and after the protocol implementation in March 2008.
Patient characteristics
We conducted a retrospective review of 1348 patients prospectively enrolled into our Get With the Guidelines Stroke (GWTG-S) database (1 January 2007 to 30 June 2009).
Patient characteristics, clinical presentation, acute treatments including intravenous tissue plasminogen activator (tPA) and IAT as well as contraindications or warnings documented as the reason for withholding acute treatments were abstracted from medical records by a trained abstracter in accordance with the GWTG-S. All patients underwent clinical evaluation by a neurologist, diagnostic neuroimaging and laboratory testing on arrival at the emergency department. All patients who presented within 9 h from the LKW time were considered in the analysis.
For each subject considered LTB based on the IAT protocol criteria, additional medical record review was completed to identify treating acute stroke staff member. For the purpose of this analysis, a level of experience based on the number of years in practice was assigned to each acute stroke staff member as follows: level 1 (<4 years of experience), level 2 (4-8 years of experience) or level 3 (>8 years of experience). Characteristics of PAO and infarct volume were abstracted by a single investigator from the neuroimaging data considered in decision-making for IAT in each case. IAT treatment status (treated vs untreated) for LTB subjects was the primary outcome of interest.
Statistical methods
Continuous variables were analyzed using the t test or Wilcoxon rank sum test as appropriate. The Fisher exact test was used to analyze proportions. Univariate and multivariate logistic regression analyses were performed to evaluate predictors of IAT in LTB patients. The significance level was set at p<0.05 for all analyses.
RESULTS
Among the 1348 patients with AIS who presented to our hospital within the study period, 118 (8.7%) met the criteria for LTB (mean age 66±14.8 years, 40% women, 93% Caucasian). Of these, 62 (52%) underwent IAT but only 13 of the 62 IAT subjects (21%) received an intervention based on the current practice guidelines as 'an option for treatment of selected patients who have major stroke of <6 h duration due to occlusion of the MCA and who are not otherwise candidates for IV thrombolysis'. 3 The clinical characteristics of the LTB cohort are presented in table 2.
In univariate analysis, longer stroke duration measured as increasing LKW to arrival time (OR 0.78, 95% CI 0.6 to 0.9 per hour) and age (OR 0.9, 95% CI 0.9 to 1.01 per year) decreased the odds of IAT among the LTB subjects, whereas IV tPA use (OR 1.8, 95% CI 0.8 to 3.9) and arrival for stroke treatment in the later months after the start of the study period (OR 1.1, 95% CI 1.02 to 1.2 per calendar month) increased the odds of IAT (table 3) . However, following multivariable adjustment, only stroke duration (time from LKW to arrival) independently reduced the odds of IAT among the LTB subjects (OR 0.65, 95% CI 0.5 to 0.8 per hour; table 3).
There was a significant increase in the rate of IAT after protocol implementation. Of the 48 patients classified as LTB between January 2007 and February 2008, 19 (40%) underwent IAT compared with 43/70 (61%) between March 2008 and June 2009 (p<0.02). There was no association between use of IATand either the individual stroke staff involved or years of experience (p=0.6).
Descriptively, the reasons for not performing IAT in the LTB group were: late presentation in the intervention window or concerns about reliability of the reported LKW time (21.4%), rapid improvement (16.1%), family refusal (14.3%), neuro-imaging features of limited tissue at risk (11%), extensive clot burden identified by endovascular team (7.2%), reason unclear/unrecorded (7.2%), advanced age (5.3%), technical challenge identified by endovascular team (5.3%), carotid dissection (4%), advanced directives (4%), hemorrhagic conversion (1.7%) and trial enrollment (1.7%).
DISCUSSION
Limited evidence, lack of guideline recommendations and differences in reimbursement among treatment options all probably contribute to variability of practice among the advanced centers caring for patients with acute cerebral ischemia in the USA. 1 IAT is frequently used as part of an off-label (endovascular brinolysis) or an on-label unproven treatment (mechanical recanalization) in patients with PAO who present with persistent symptoms of AIS, both within and outside the 3 h window for IV thrombolysis. 3 Lack of a uniform approach to patient selection for open-label IAT and a uniform IAT treatment algorithm in acute stroke also contributes to unease about randomization against placebo in current clinical trials studying the benefits of IAT, 12 and may ultimately result in failure of current trials to demonstrate the benefit due to selection bias or incomplete enrollment. 1314 In the absence of randomized clinical trial data, prospective data collection in a uniform cohort of patients may be useful to evaluate the effect of quality-based interventions.
Our findings indicate that a process for consensus development of an evidence-based patient selection protocol led to rapid adoption and a significant increase over time in the use of IAT among patients defined as LTB. This effect was not limited to specific stroke staff members or influenced by the time in which they trained. We suggest that increased IAT rates may be due to fewer disagreements over patient eligibility between the stroke neurologist and the endovascular specialist on call. The fact that none of the multiple variables traditionally considered in decision-making for IAT other than stroke duration were associated with IAT selection suggests strong adherence to the protocol.
The larger number of patients who were classified as LTB but not treated prior to protocol implementation suggests that there was inconsistent application of the decision-making process which was amenable to a quality improvement intervention. Given that a significant proportion of patients who would otherwise be considered LTB from IAT did not receive endo-vascular treatment prior to the protocol implementation, this increase may indicate a successful service-wide quality improvement intervention that, in the future, may be expected to contribute to better outcome metrics in patients with acute cerebral ischemia.
Despite increasing the rate of IATafter implementation of the protocol, the overall rate of IAT for those patients defined as LTB was only 52%. Considering that only stroke duration independently predicted whether a subject otherwise deemed LTB from IAT actually underwent the procedure, the role of other factors in decision-making regarding IAT needs further investigation. Previous reports have indicated that age, stroke duration beyond 6 h and mild or rapidly improving symptoms precluded patients from receiving IAT. 15 Interestingly, our data indicate that treatment with IV tPA prior to consideration for IAT decreased the odds of undergoing IAT, probably due to clinical improvement from early reperfusion. On the other hand, those patients with persistent PAO and severe disability who were unlikely to improve significantly from IV tPA alone were still eligible for IAT within this subgroup. 16 Based on our definition of LTB patients, they constitute only a small proportion of all patients with AIS. Statistical modeling of the IAT data collected prospectively at our institution and the published IAT trial data produced the variables defining LTB criteria including (1) neuroimaging definition of stroke severity (volume of cerebral infarct on diffusion-weighted imaging or head CT if MRI is contraindicated); (2) presence of PAO on CTor MR angiography; (3) evidence of clinical-radiographic mismatch (stroke severity measured as NIHSS score immediately before and/or after neuroimaging); (4) imaging available within an acceptable time limit to allow for timely IAT initiation; and (5) stroke severity. These criteria alone or in various combinations have been used by previous investigators to select patients who were likely to have a good outcome with IAT 5-717 ; however, with advancing knowledge, these criteria continue to evolve and will probably undergo further revision over time based on emerging data. 818 Moreover, prospective validation of the LTB criteria and the role of protocol-based patient selection for IAT in improvement of clinical stroke outcomes will be required. Clinical outcomes among patients at varying levels of anticipated IAT benefit (LTB, UCTB and ULTB) who are considered for various acute reperfusion strategies are currently underway.
CONCLUSION
These data provide evidence that a uniform approach to patient selection for open-label or compassionate use of IAT may improve the rates of patient inclusion for intervention as well as the homogeneity of the patient cohort. Further exploration of factors associated with the reasons for non-treatment and the impact of IAT on outcomes is warranted. The Acute Stroke Service protocol for patient selection for intra-arterial (IA) therapy in anterior circulation acute ischemic stroke (implemented March 2008). Table 2 Clinical characteristics of patients considered likely to benefit from intra-arterial treatment based on the Acute Stroke Service protocol (n=118) Antihypertensive agent use (%) 62.7
Statin use (%) 41.5
Hypoglycemic agent use (%) 18.8 Table 3 Univariate and multivariate predictors of intra-arterial therapy among patients likely to benefit (n=118)
Univariate analysis OR (95% CI) Multivariate analysis OR (95% CI)
Demographics Age, years 0.98 (0.95 to 1.02) * 0.98 (0.95 to 1.16)
Gender, female 0.9 (0.95 to 1.01) 1.12 (0.4 to 3.0)
AIS-related factors
Stroke duration, h 0.78 (0.6 to 0.9) † 0.65 (0.5 to 0.8) †
